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Description 

Technical Field 

This invention relates to seal devices, and, in 
particular, to a dry seal about a rotatable shaft. 

Background of the Invention 

In rotary pumps, fans, compressors, agitators, 
etc., a shaft projects through a casing in a region 
known as the "stuffing box" or "packing box". 
These terms are derived from the fact that in order 
to separate two environments, namely, that within 
the pump, fan, compressor, agitator, etc., and the 
atmosphere, and to prevent leakage of one environ- 
ment into the other, material had to be stuffed or 
packed around the shaft where it passed through 
its casing. Soft packing materials have been em- 
ployed for this purpose. 

Presently, mechanical seals are commonly 
used for sealing against liquids when using a rotat- 
ing shaft. These seals consist of radial planar sur- 
faces which are normal to the shaft axis. The 
surfaces cooperate to function as a bearing. 

A labyrinth seal is a type of mechanical seal. 
This seal is not fluid-tight but limits leakage by 
means of a tortuous path and induced turbulence. 
The seal consists of a ring or series of rings about 
the shaft which provide successive expansion of 
the fluid. As the differential pressure across any 
individual restriction is small, total leakage is mini- 
mized. These rings have a shaft clearance which is 
constantly maintained. Illustrative of labyrinth seals 
is British Patent No. 705,444 to Allen et al. 

When no external leakage is permissible, purg- 
ing with an inert gas is usually provided. Illustrative 
of such seals are those shown in U.S. Patent No. 
3,071,384 to Friberg. Such seals utilize a constant 
flow of inert gas in combination with a vacuum to 
prevent leakage along a shaft (Column 5, lines 30- 
74). This requires a clearance between the spaced 
sections of the seal and the rotor and stator. 

Alternatively, a liquid can be used as the purge 
medium to prevent leakage past the shaft and to 
provide lubricity. These seals are expensive, how- 
ever. Furthermoe, seals are time-consuming to in- 
stall, thus excessive downtime of the equipment is 
required when such a seal is to be replaced. They 
are also undesirable for a number of other reasons. 
Often, the liquid purge medium either leaks into the 
environment or the pump, turbine or the like, con- 
sequently the environment, the medium being 
pumped, or the equipment itself becomes contami- 
nated. The liquid purge medium also can, and 
does, leak into the atmosphere, and may present 
undesirable safety conditions including potential 
fire hazards. 


In addition, many of the prior art seals require 
the device operated upon by the shaft be dis- 
assembled to replace the seal. This is undesirable 
because of the additional man-hours and downtime 
5 required to disassemble and reassemble the de- 
vice. 

Accordingly, it is desirable to provide a seal 
which is dry, prevents leakage of a fluid along the 
shaft, and is easy to install. The present invention 
w satisfies these desires. 

Summary of the Invention 

According to the present invention, there is 
T5 provided a labyrinth type sea! (10) for a rotatable 
shaft (36) comprising scaling elements which con- 
sist of radial planar surfaces normally to the shaft 
axis and which cooperate to provide for successive 
expansion of fluid within the seal, said seal being 
20 characterised by: 

at least one axially monolithic, elastorneric 
sealing element (11) having a shaft side (12) and a 
casing side (14), and provided on the shaft side 
thereof with a plurality of radially inwardly extend- 
25 ing circumferential finds (20) each tapering toward 
an apex; 

each of said fins (20) having an asymmetric 
cross-section in a plane passing through the axis of 
said shaft (36); 

30 two of said fins (20) being spaced from one 
another and defining therebetween a circumferen- 
tial purge chamber (32); 

the apex of each of said fins (20) extending 
toward said shaft (36) when the seal (10) is posi- 

35 tioned about the shaft (36); 

a plurality of adjacent fins (20) provided on 
each side of said purge chamber (32) defining 
therebetween a circumferential sealing chamber 
(24); said adjacent fins (20) having apices (22) 

40 pointing in the same axial direction away from said 
purge chamber (32) and said sealing chamber (24) 
having an asymmetric cross-section (21) in a plane 
passing through the axis of said shaft (36). 

The present invention contemplates a seal, for 

45 a rotatable shaft, that can be replaced relatively 
inexpensively and easily. This seal is monolithic 
along the shaft and utilizes a plurality of circum- 
ferential fins having an asymmetric cross-section to 
define, together with the shaft, plural sealing cham- 

50 bers and prevent or minimize undesirable leakage. 

The seal of the present invention is a dry seal 
which includes a single, elongated axially mono- 
lithic elastorneric sealing element, or a plurality of 
such sealing elements, each having a shaft side 

55 and a casing side. The shaft side is provided with a 
plurality of radially inwardly extending circumferen- 
tial fins, each fin tapering towards an apex. The 
cross-section of each fin in a plane that includes 
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the axis of the shaft is asymmetric. Two spaced 
fins define therebetween a circumferential purge 
chamber having at least one inlet which extends 
through the elastomeric sealing element to the 
purge chamber. The apices of the fins on each 
side of the purge chamber point in an axial direc- 
tion away from the purge chamber. Each fin apex 
extends to the shaft, with minimal or substantially 
no clearance, when the seal is positioned about the 
shaft. Optionally, a plurality of adjacent fins having 
apices pointing in the same axial direction away 
from the purge chamber are provided on each side 
of the purge chamber to define therebetween a 
sealing chamber or chambers. 

In use, the seal is first positioned about the 
shaft. Inert gas is then introduced under pressure 
through the purge chamber inlet into the purge 
chamber. Inert gas thus flows into and purges any 
adjacent sealing chambers defined between the 
fins. In use, the principal flow of the purge gas is 
toward the interior of the vessel from which the 
shaft extends. 

The seal of the present invention is easily 
installed with a minimum of downtime. Further- 
more, inasmuch as the seal is a "dry" seal, the 
undesirable safety conditions of the prior art liquid 
purge seals are overcome without the loss of 
lubricity. In addition, the selection of a seal material 
such as a fluoroelastomer further assists in mini- 
mizing friction between the seal and the shaft. 

Numerous other advantages and features of 
the present invention will become readily apparent 
from the following detailed description of the inven- 
tion, the accompanying examples, the drawings, 
and the appended claims. 

Brief Description of the Drawings 

In the drawings: 

FIGURE 1 is a perspective view in partial sec- 
tion of a seal embodying the present invention; 
FIGURE 2 is a longitudinal sectional view of a 
seal embodying the present invention secured 
to a seal casing and positioned about a rotatable 
shaft; and 

FIGURE 3 is an expanded perspective view 
showing unassembled elements of a split seal 
embodying the present invention positioned 
about a rotatable shaft, the shaft being shown 
partially in phantom. 

Description of Preferred Embodiments 

As used in the ensuing specification and 
claims, the term "axially monolithic" means that in 
the axial direction along the shaft there is a single 
elongated sealing element. However, about the pe- 
riphery of the shaft the seal may be constituted by 


one or more of such axially monolithic sealing 
elements. 

Ah embodiment of the present invention, a seal 
10 for a rotatable shaft 36, is shown in FIGURES 1 

5 and 2. The seal 10 includes an elastomeric sealing 
element 11 which is axially as well as circumferen- 
tially monolithic, and has a shaft side 12 and a 
casing side 14. The shaft side 12 is provided with a 
plurality of radially inwardly extending circumferen- 

w tial fins 20 that define, together with the shaft 36, a 
circumferential purge chamber 32 and one or more 
circumferential sealing chambers 24 about the 
shaft 36 on each side of purge chamber 32. 

Each fin 20 tapers towards an apex 22. The 

75 fins 20 have an asymmetric cross-section 21 in a 
plane that includes the axis of the shaft 36. The 
angle at which the apices 22 of the fins 20 point in 
an axial direction away from the purge chamber 32 
usually is about 25 * to about 40 * and preferably is 

20 about 30'. The depth of the fins 20 usually is 
about 7 mm (0.275 inch) to about 9.5 mm (0.375 
inch), preferably about 7.6 mm (0.3 inch). The 
spacing between adjacent fins 20 usually is about 
2.54 mm (0.1 inch) to about 19 mm (0.75 inch), 

25 preferably about 10 mm (0.4 inch). 

Two spaced fins with apices pointing away 
from one another define therebetween a circum- 
ferential purge chamber 32 which is in communica- 
tion with an inert gas source (not shown) via at 

30 ieast one purge chamber inlet 30. Preferably, there 
are provided six purge chamber inlets 30 spaced 
substantially equally about the purge chamber 32 
in a plane perpendicular to the axis of the shaft 36. 
A plurality of fins is provided on each side of 

35 the purge chamber 32 so that two adjacent fins 20 
having apices 22 pointing in the same axial direc- 
tion away from the purge chamber 32 together 
define a circumferential sealing chamber 24. At 
least one sealing chamber 24 is adjacent to the 

40 purge chamber 32 on each side thereof, and more 
preferably there are at ieast three such sealing 
chambers. The sealing chamber 24 thus defined 
has an asymmetric cross-section in a plane pass- 
ing through the axis of the shaft 36 as shown in 

45 FIGURE 2. The volume ratio of sealing chamber-to- 
purge chamber usually is in the range of about 
0.25:1 to about 2:1. Preferably, the volume of each 
sealing chamber is about one-half of the volume of 
the purge chamber; however, the volume of each 

50 individual sealing chamber of the seal need not be 
the same. 

Apex 22 of each fin 20 extends toward rotat- 
able shaft 36. While the apices 22 need not contact 
the shaft 36, the clearance between apices 22 and 
55 shaft 36 is minimal, i.e., 1,3 mm (0.050 inch), or 
less. This provides improved overall sealing char- 
acteristics. Since at, most only a relatively small 
surface area of the seal 10 actually contacts the 
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shaft 36 at a band contact area 34, the total contact 
surface between the seal and the shaft is relatively 
small in any event, thus minimizing friction. Friction 
can be further reduced by manufacturing the 
elastomeric sealing element from a filled 
fluoropolymer having a relatively low coefficient of 
friction vis-a-vis the shaft. Preferred filled 
fluoropolymers are carbon-filled fluoropolymers of 
the type disclosed in U.S. Patent No. 2,891,921 to 
Kumnick et al. These fluoropolymers are commer- 
cially available. 

An O-ring receiving groove 16 is defined by 
the elastomeric sealing element 11 in one end face 
thereof. The O-ring 17 received within groove 16 
prevents leakage between the seal 1 0 and the seal 
casing 26. 

The elastomeric sealing element 11 is also 
internally threaded at one end to receive threads 
28 of the seal casing 26 for securing the seal 10 to 
the seal casing 26. 

FIGURE 3 illustrates an alternative embodiment 
of the seal 110. In this alternative embodiment, the 
elastomeric sealing element 111 is generally of the 
same external and internal configuration as sealing 
element 11 but is comprised of two complemen- 
tary, axially monolithic portions 138 and 140 posi- 
tioned about the shaft 136. Thus, while the sealing 
element 111 is axially monolithic along the shaft 
136, it is not circumferentially monolithic about the 
shaft 136. The axially monolithic portions 138 and 
140 complement one another and completely sur- 
round the shaft when installed. In this view, the seal 
110 is shown unassembled. Therefore, the apex 
122 of fin 120 is not shown in contact with the shaft 
136 although in an assembled seal apex 122 may 
bear against the shaft 136. 

Also shown in FIGURE 3 are the purge cham- 
ber 132 and the six purge chamber inlets 130 
spaced substantially equally about the periphery of 
purge chamber 132 in a plane perpendicular to the 
axis of the shaft 136. This arrangement of the 
purge chamber inlets 130 is the same as the 
respective arrangement in the embodiment of FIG- 
URES 1 and 2. 

The use of a preferred embodiment of the 
present invention will be discussed in connection 
with FIGURES 1 and 2. The alternative embodi- 
ment of FIGURE 3 is used in a like manner but 
provides additional time savings during installation 
by virtue of its two complementary portions. 

The seal 10 is first positioned about shaft 36 
and then the threads 28 of the seal casing 26 are 
matingly engaged with internal threads 18 of seal 
10. The O-ring 17 in the O-ring receiving groove 16 
is thereby urged into contact with the seal casing 
26 to prevent leakage between the seal 10 and the 
seal casing 26. 


Inert gas from a source (not shown) is intro- 
duced into the circumferential purge chamber 32 
through the purge chamber inlet 30. Preferably, six 
purge chamber inlets 30 are utilized to provide 

5 equal distribution of the inert gas. After all sealing 
chambers 24 are purged by the introduction of 
inert gas, the inert gas flow is maintained in a 
direction along the shaft and toward the interior of 
the vessel from which the shaft extends. 

70 The fins 20 in cooperation with the purge 
chamber 32 and the sealing chambers 24, and 
coacting with the shaft 36, prevent undesirable 
leakage of fluid along the shaft 36. Thus, contami- 
nation of the environment or equipment is pre- 

75 vented or at least minimized. Because of the shape 
and orientation of the fins 20, any external pressure 
exerted thereupon in an axial direction is resisted. 

The present invention can be molded or 
machined from a material of construction which is 

20 compatible with the operating environment, as de- 
sired. Particularly preferred as materials of con- 
struction are the aforementioned filled 
fluoropolymers. 

The seal of the present invention can be in- 

25 stalled with minimal downtime as disassembly of 
the device operated upon by the shaft usually is 
not required. 

The seals of this invention are suitable for use 
in the process for preparing aromatic carboxylic 

30 acids by the iiquiu-phase oxidation of alky! substi- 
tuted aromatic hydrocarbons. In particular, the 
seals of this invention are useful in the preparation 
of terephthalic acid by the liquid-phase oxidation of 
para-xylene. Terephthalic acid is an important com- 

35 mercial chemical used in the preparation of polyes- 
ter materials as well as other polymeric materials. 

In the process of producing terephthalic acid 
from para-xylene relatively pure para-xylene (p- 
xylene) is required. One particularly suitable meth- 

40 od of preparing pure p-xylene comprises the low- 
temperature crystallization of p-xylene from a mix- 
ture of p-xylene, m-xylene and o-xylene followed 
by a separation of the crystallized p-xylene from 
the remaining mother liquor by a low-temperature 

45 separation process wherein centrifugation is a pre- 
ferred method for separating the crystallized p- 
xylene from the liquid mother liquor. 

The seals of this invention are particularly suit- 
able for use in the centrifuges used for recovering 

50 the pure, crystallized p-xylene. In these centrifuges 
the liquid xylene mother liquor must not escape 
along the centrifuge shaft and beyond the cen- 
trifuge casing. Otherwise, the liquid xylene leakage 
would present a serious fire hazard in the manufac- 

55 turing plant. Furthermore, it is essential to minimize 
the time the centrifuge is non-operational by pro- 
viding parts for the centrifuge that do not malfunc- 
tion and by providing parts that do not frequently 
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wear out. 

The seals of this invention meet all of the 
aforementioned criteria. Due to their labyrinth de- 
sign, gas purge feature and purge chamber, they 
prevent the leakage of the flammable xylene mix- 
ture along the centrifuge shaft. The seals of this 
invention are more durable than the conventional 
mechanical seals thereby reducing the need for 
replacement due to malfunction and wear. Further- 
more, due to their design, and particularly the split 
seal design, the seals of this invention are more 
easily and more rapidly replaced than the conven- 
tional prior art seals. 

The next step in the preparation of terephthalic 
acid requires the liquid-phase oxidation of the puri- 
fied p-xylene. In this step, purified p-xylene is 
oxidized using an oxygen containing gas, such as 
air, in a liquid medium comprising an aliphatic low 
molecular weight carboxylic acid solvent, in the 
presence of a catalyst comprising cobalt, man- 
ganese and bromine components, at a temperature 
of from 100*C to about 350*0, and at a pressure 
sufficient to maintain at least a portion of the sol- 
vent in the liquid phase, to form a reaction product 
mixture containing terephthalic acid. During this 
liquid-phase oxidation, the two methyl groups on 
the p-xylene aromatic nucleus are both oxidized to 
carboxylic acid groups. In this process acetic acid 
is a preferred reaction solvent and hydrogen bro- 
mide is a preferred source of the bromine catalyst 
component. The manganese and cobalt catalyst 
components may be obtained from a variety of 
sources, however, the acetate salts of these metals 
are preferred. 

The liquid-phase oxidation to p-xylene to 
terephthalic acid is accomplished in a reactor ves- 
sel comprising an inlet or inlets for air or other 
oxygen containing gas, baffles along the inside 
walls of the vessel to promote agitation, and an 
agitator to vigorously agitate the oxidation reaction 
mixture during the course of the oxidation reaction. 
The agitator comprises a shaft extending through 
the reactor vessel wall with the end of the shaft 
located within the vessel having one or more impel- 
lers secured to the shaft to effect the agitation of 
the reaction mixture upon the rotation of the shaft. 
The other end of the shaft is connected to a means 
for rapidly rotating the agitator shaft. At the point 
where the shaft passes through the reactor vessel 
wall a seal is required to prevent leakage of the 
gaseous or liquid-phase components of the reac- 
tion mixture. The seals of this invention are particu- 
larly useful for providing an effective seal between 
the agitator shaft and the wall of the reactor vessel. 
The seals of this invention are easily replaced, 
particularly the split seal of this invention, and they 
have an exceedingly long useful life. Due to their 
design, they are not susceptible to frequent mal- 


function. In addition, the elastomeric seal materials 
are inert to the corrosive oxidation reaction mixture 
which comprises acetic acid and other acidic com- 
ponents such as hydrogen bromide. The seals are, 
5 therefore, not prone to wear or malfunction due to 
corrosion. 

Subsequent to the liquid-phase oxidation reac- 
tion, the oxidation reaction mixture is cooled, or 
treated in some other manner, to effect the cry- 

w stallization of terephthalic acid from the oxidation 
reaction mixture thereby producing a slurry of 
terephthalic acid in the oxidation reaction mother 
liquor. The crude terephthalic acid is subsequently 
physically separated from the mother liquor and 

75 centrifugation is particularly suitable means for sep- 
arating the crude terephthalic acid from the oxida- 
tion reaction mother liquor. 

The seals of this invention are particularly suit- 
able for use in the centrifuges used to recover the 

20 crude terephthalic acid from the oxidation reaction 
mother liquor. The seals prevent the leakage of the 
mother liquor along the seal shaft extending out 
from the centrifuge casing. The oxidation reaction 
mother liquor comprises acetic acid and other acid- 

25 ic components, and in order to eliminate a potential 
hazard leakage from the centrifuge must be pre- 
vented. In addition, the elastomeric materials used 
for the construction of the seals of this invention 
are not susceptible to corrosion. The oxidation re- 

30 action mother iiquor, particular iy if held at elevated 
temperatures during the centrifugation process, is 
corrosive due to its acidic components. The 
elastomeric materials used for the seals of this 
invention are superior to the mechanical seals of 

35 the prior art in withstanding the exposure to the 
corrosive oxidation reaction mother liquor. 

The seals of this invention when placed on 
centrifuges used for separating terephthalic acid 
from oxidation reaction mother liquor are also more 

40 durable and more easily replaced than the conven- 
tional prior art seals thereby reducing the time the 
centrifuges are non-operational. This results in a 
significant cost savings to the manufacturing pro- 
cess. The split seals of this invention are particu- 

45 larly preferred since they are most easily replaced. 
An additional process step in the manufacture 
of terephthalic acid is a purification step wherein 
crude terephthalic acid is converted to purified 
terephthalic acid by exposing an aqueous solution 

so of the crude terephthalic acid to hydrogen over a 
catalyst metal selected from a Group VIII metal of 
the Periodic Table of Elements. Preferably, the 
Group VIII is supported on a support material. The 
hydrogen treatment is carried out at a temperature 

55 of about 100'C to about 350 °C and at a pressure 
sufficient to maintain the solution of crude tereph- 
thalic acid substantially in the liquid phase. Upon 
cooling the solution treated in this manner, sub- 
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stantially purified terephthalic acid crystallizes. The 
purified terephthalic acid is separated from the 
water solvent and centrifugation is a particularly 
suitable means for effecting this separation. The 
seals of this invention are advantageously em- 5 
ployed in the centrifuge apparatus for this process 
due to the long service life of the seals and also 
because they are easily replaced. The split seals 
are particularly advantageous since they are most 
easily and most rapidly replaced. w 

While the oxidation processes described above 
are for the oxidation of p-xylene to terephthalic 
acid, similar processes are applicable for the liquid- 
phase oxidation of all alkyl substituted aromatic 
hydrocarbons as, for example, the oxidation of 75 
meta-xylene to isophthalic acid, the oxidation of o- 
xylene to phthalic acid or anhydride, the oxidation 
of pseudocumene to trimellitic acid or anhydride, 
the oxidation of durene to pyromellitic acid or an- 
hydride, of mesitylene to trimesic acid, of 2,6- 20 
dimethylnaphthalene to 2,6-naphthalenedicarboxylic 
acid, and of other alkyl substituted aromatic com- 
pounds wherein the alkyl groups are oxidizable to 
carboxylic acid groups using liquid-phase oxidation 
conditions. The seals of this invention are useful in 25 
the equipment used in ail of these processes. 

Additionally, the seals of this invention can be 
used in other machinery or equipment within the 
plants that manufacture aromatic carboxylic acids 
wherein the equipment or machinery contains a 30 
rotating shaft and where it is beneficial to provide 
for a durable, leak-preventing, easily replaceable 
seal between the rotating shaft and the housing or 
casing of the equipment or machinery, such as, for 
example, dryer circulation fans, oxidation process 35 
air compressors, rotary pumps and oxidation cata- 
lyst recovery centrifuges. 

Claims 

40 

1. A labyrinth type seal (10) for a rotatable shaft 
(36) comprising sealing elements which consist 
of radial planar surfaces normal to the shaft 
axis and which cooperate to function as a 
bearing and which provide for successive ex- 45 
pansion of fluid within the seal, said seal being 
characterised by: 

at least one axially monolithic, elastomeric 
sealing element (11) having a shaft side (12) 
and a casing side (14), and provided on the so 
shaft side thereof with a plurality of radially 
inwardly extending circumferential fins (20) 
each tapering toward an apex; 

each of said fins (20) having an asymmet- 
ric cross-section in a plane passing through 55 
the axis of said shaft (36); 

two of said fins (20) being spaced from 
one another and defining therebetween a cir- 


cumferential purge chamber (32); 

the apex of each of said fins (20) extend- 
ing toward said shaft (36) when the seal (10) is 
positioned about the shaft (36); 

a plurality of adjacent fins (20) provided on 
each side of said purge chamber (32) so that 
two adjacent fins (20) together define there- 
between a circumferential sealing chamber 
(24); said adjacent fins (20) having apices (22) 
pointing in the same axial direction away from 
said purge chamber (32) and said sealing 
chamber (24) having an asymmetric cross-sec- 
tion (21) in a plane passing through the axis of 
said shaft (36). 

2. The seal of Claim 1 further provided with at 
least one purge chamber inlet (30) defined by 
and extending through said elastomeric sealing 
element (11) to said purge chamber (32). 

3. The seal of Claim 2 wherein six purge cham- 
ber inlets (30) are spaced substantially equally 
about the periphery of said purge chamber 
(32). 

4. The seal of Claim 1 wherein said elastomeric 
sealing element (111) comprises a plurality of 
complementary portions (138, 140). 

5. The seal of Claim i wherein said eiastomeric 
sealing element (11) is composed of a filled 
fluoropolymer. 

6. The seal of Claim 5, wherein said filled 
fluoropolymer is a carbon-filled fluoropolymer. 

7. The seal of Claim 1 wherein said elastomeric 
sealing element (11) is provided with an O-ring 
receiving groove (16) at one end face of the 
sealing element (11). 

8. The seal of Claim 1 wherein said elastomeric 
sealing element (11) is provided with a plurality 
of circumferential internal threads at one end 
of said elastomeric sealing element (11), said 
internal threads being radially inwardly ex- 
tended on the shaft side of said elastomeric 
sealing element (11). 

9. A seal according to Claim 1, wherein said 
elastomeric sealing element (11) is provided 
with an O-ring receiving groove (16) at one end 
face of said elastomeric sealing element (11); 
and 

said elastomeric sealing element (11) is 
provided with a plurality of circumferential in- 
ternal threads at that end of said elastomeric 
sealing element (11) which has said O-ring 
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receiving groove (11), said internal threads be- 
ing radially inwardly extended on the shaft side 
(12) of said elastomeric sealing element (11). 

10. The seal of any of Claims 1 to 9, wherein a 
centrifuge equipped with such seals (10) is 
used in a process for separating a crystallized 
terephthalic acid from the remaining reaction 
product mixture. 

11. The seal of any of Claims 1 to 9, wherein a 
centrifuge equipped with such seals (10) is 
used in a process for separating a purified 
terephthalic acid from the remaining solution. 

12. The seal of any of Claims 1 to 9, wherein said 
seal (10) is used for sealing the shaft of an 
agitator to a reactor vessel, the liquid-phase 
oxidation of a process for preparing tereph- 
thalic acid being carried out in said reactor 
vessel. 

Patentanspruche 

1. Eine Dichtung des Labyrinthtyps (10) fUr eine 
rotierende Welle (36), die Dichtungselemente 
umfaBt, welche aus radialen, planaren Oberfla- 
chen senkrecht zu der Wellenachse bestehen, 
welche Husammen als ein Lager funktionieren 
und welche fOr eine schrittweise Expansion 
des Fluids in der Dichtung sorgen, wobei die 
genannte Dichtung dadurch charakterisiert 
wird, daB: 

wenigstens ein axiales, monolithisches, elasto- 
meres Dichtungselement (11) eine Wellenseite 
(12) und eine Gehauseseite (14) hat und auf 
seiner Wellenseite mit einer Vielzahl von radial 
nach innen sich ausdehnenden umfangsseiti- 
gen Graten (20) versehen ist, die sich jeweils 
zu einem Scheitelpunkt hin verjGngen; 
jeder der genannten Grate (20) einen asymme- 
trischen Querschnitt in einer Ebene hat, die 
durch die Achse der genannten Welle (36) 
geht; 

zwei der genannten Grate (20) mit Abstand 
zueinander angeordnet sind und dazwischen 
eine umfangsseitige AusiaBkammer (32) defi- 
nieren; 

der Scheitelpunkt von jedem der genannten 
Grate (20) sich in Richtung der genannten 
Welle (36) ausdehnt, wenn die Dichtung (10) 
urn die Welle (36) herum angeordnet wird; 
eine Vielzahl von benachbarten Graten (20) die 
auf jeder Seite der genannten Auslaflkammer 
(32) zur Verfugung gestellt werden, so daB die 
zwei benachbarten Grate (20) zusammen da- 
zwischen eine umfangsseitige Dichtungskam- 
mer (24) definieren, wobei die genannten be- 


nachbarten Grate (20) Scheitelpunkte (22) ha- 
ben, welche in die gleiche axiale Richtung weg 
von der genannten AusiaBkammer (32) zeigen 
und die genannte Dichtungskammer (24) einen 
5 asymmetrischen Querschnitt (21) hat, in einer 

Ebene, die durch die Achse der genannten 
Welle (36) geht. 

2. Die Dichtung nach Anspruch 1, weiterhin aus- 
io gestattet mit wenigstens einem AuslaBkammer- 

eingang (30), definiert durch und sich ausdeh- 
nend Ober das genannte elastomere Dich- 
tungselement (11) zu der genannten AusiaB- 
kammer (32). 

75 ^ 

3. Die Dichtung nach Anspruch 2, wobei sechs 
AuslaBkammereingange (30) im wesentlichen 
gleichmaBig urn den Rand der genannten Aus- 
iaBkammer (32) herum angeordnet sind. 

20 

4. Die Dichtung nach Anspruch 1 , wobei das ge- 
nannte elastomere Dichtungselement (111) 
eine Vielzahl von komplementaren Teilstucken 
(138, 140) umfaBt. 

25 

5. Die Dichtung nach Anspruch 1 , wobei das ge- 
nannte elastomere Dichtungselement (11) sich 
aus einem gefullten Fluorpolymer zusammen- 
setzt. 

30 

6. Die Dichtung nach Anspruch 5, wobei das ge- 
nannte gefullte Fluorpolymer ein mit Kohien- 
stoff gefulltes Fluorpolymer ist. 

35 7. Die Dichtung nach Anspruch 1 , wobei das ge- 
nannte elastomere Dichtungselement (11) an 
einer Endflache des Dichtungselements (11) 
mit einer einen O-Ring aufnehmenden Rille 
(16) versehen ist. 

40 

8. Die Dichtung nach Anspruch 1 , wobei das ge- 
nannte elastomere Dichtungselement (11) an 
einem Ende des genannten eiastomeren Dich- 
tungselements (11) mit einer Vielzahl von um- 

45 fangsseitigen inneren Gewindegangen verse- 
hen ist, wobei die inneren Gewindegange sich 
auf der Wellenseite des genannten eiastome- 
ren Dichtungselements (11) radial nach innen 
ausdehnen. 

50 

9. Eine Dichtung gema'B Anspruch 1, wobei das 
genannte elastomere Dichtungselement (11) an 
einer Endflache des genannten eiastomeren 
Dichtungselements (11) mit einer einen O-Ring 

55 aufnehmenden Rille (16) versehen ist; und 

das genannte elastomere Dichtungselement 
(11) an demjenigen Ende des genannten eia- 
stomeren Dichtungselements (11) mit einer 
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Vielzahl von umfangsseitigen inneren Gewinde- 
gangen versehen ist, welches die den O-Ring 
aufnehmende Rille (16) hat, wobei sich die 
inneren GewindegSnge auf der Wellenseite 
(12) des genannten elastomeren Dichtungsele- 
ments (11) radial nach innen ausdehnen. 

10. Die Dichtung nach einem der Anspruche 1 bis 
9, wobei eine Zentrifuge, welche mit solchen 
Dichtungen (10) ausgerustet ist, in einem Ver- 
fahren zur Trennung einer kristallisierten Te- 
rephthalsaure von der verbleibenden Reak- 
tionsproduktmischung benutzt wird. 

11. Die Dichtung nach einem der Anspruche 1 bis 
9, wobei eine Zentrifuge, welche mit solchen 
Dichtungen (10) ausgerustet ist, in einem Ver- 
fahren zur Trennung einer gereinigten Terepht- 
halsaure von der verbleibenden Losung be- 
nutzt wird. 

12. Die Dichtung nach einem der Anspruche 1 bis 
9, wobei die genannte Dichtung (10) benutzt 
wird, urn die Welle eines Ruhrwerks zu einem 
ReaktorgefaB abzudichten, wobei die FlUs- 
sigphasenoxidation eines Prozesses zur Her- 
stellung von Terephthalsaure in dem genann- 
ten ReaktorgefaB ausgeftihrt wird. 

Revendicatlons 

1. Joint d'etancheite du type a labyrinthe (10) 
pour un arbre rotatif (36), comportant des ele- 
ments d'etancheite qui comprennent des sur 
faces radiales planaires perpendiculaires a 
I'axe de I'arbre et cooperent de maniere a 
fonctionner en tant que palier et permettent 
une dilatation successive du fluide a I'interieur 
du joint d'etancheite, ledit joint d'etancheite 
etant caracterise par 

au moins un element d'etancheite eiasto- 
mere (11) monolithique axialement et poss6- 
dant un c6te (12) tourne vers I'arbre et un cote* 
(14) situe cote boitier, et qui comporte, sur son 
cote tourne vers I'arbre, une pluralite de nervu- 
res circonferentielles (20) dirigees radialement 
vers I'interieur et qui se r6tr6cissent chacune 
en direction d'un sommet; 

chacune desdites nervures (20) possede 
une section transversale asymetrique dans un 
plan passant par I'axe dudit arbre (36); 

deux desdites nervures (20) etent espa- 
cees Tune de I'autre et d^finissant entre elles 
une chambre circonferentielle de purge (32); 

le sommet de chacune desdites nervures 
(20) s'etendant en direction dudit arbre (36) 
lorsque le joint d'etancheite (10) est positionne 
autour de I'arbre (36); 


une pluralite* de nervures adjacentes (20) 
pre*vues de chaque cote* de ladite chambre de 
purge (32) de sorte que deux nervures adja- 
centes (20) definissent entre elles une cham- 

5 bre circonferentielle d'etancheite (24); lesdites 

nervures adjacentes (20) comportant des som- 
mets (22) dirig£s dans la m§me direction axia- 
le s'ecartant de iadite chambre de purge (32), 
et ladite chambre d'etancheite (24) possedant 

70 une section transversale asymetrique (21) dans 
un plan passant par I'arbre dudit arbre (36). 

2. Joint d'etancheite selon la revendication 1, 
comportant en outre au moins une entree (30) 
75 pour la chambre de purge, definie par et 
s'etendant a travers ledit element d'etancheite 
eiastomere (11) en direction de ladite chambre 
de purge (32). 

20 3. Joint d'etancheite selon la revendication 2, 
dans lequel six entrees (30) de la chambre de 
purge sont espacees d'une maniere sensible- 
ment egale sur la peripheric de ladite chambre 
de purge (32). 

25 

4. Joint d'etancheite selon la revendication 1, 
dans lequel ledit element d'etancheite eiasto- 
mere (111) comporte une pluralite de parties 
compiementaires (138,140). 

30 

5. Joint d'etancheite selon la revendication 1, 
dans lequel ledit element d'etancheite eiasto- 
mere (11) est constitue par un polymere fluore 
charge. 

35 

6. Joint d'etancheite selon la revendication 5, 
dans lequel ledit polymere fluore charge est un 
polymere fluore charge de carbone. 

40 7. Joint d'etancheite selon la revendication 1, 
dans lequel ledit element d'etancheite eiasto- 
mere (11) comporte une gorge (16) recevant 
un joint torique, dans une face d'extremite de 
reiement d' etancheite (11). 

45 

8. Joint d'etancheite selon la revendication 1, 
dans lequel ledit element d'etancheite (11) 
comporte, a Tune de ses extremites, une plu- 
ralite de filetages internes circonferentiels, les- 

50 dits filetages internes s'etendant radialement 
vers I'interieur du cote dudit element d'etan- 
cheite eiastomfere (11) tourne vers I'arbre. 

9. Joint d'etancheite selon la revendication 1, 
55 dans lequel ledit element d'etancheite eiasto- 
mere (11) comporte dans une face d'extremite, 
une gorge (16) recevant un joint torique; et 

ledit element d'etancheite eiastomere (11) 
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comporte une plurality de filetages intSrieurs 
circonterentiels situ^s sur I'extremite dudit ele- 
ment d'etancheite eiastomere (11), qui com- 
porte ladite gorge (11) recevant le joint torique, 
iesdits filetages interieurs s'etendant radiate- 5 
ment vers I'interieur sur le cote (12), tourne* 
vers I'arbre, dudit element d'etancheite eiasto- 
mere (11). 

10. Joint d'etancheite selon I'une quelconque des 10 
revendications 1 a 9, dans lequel une centrifu- 
geuse munie de tels joints d'etancheite (10) 

est utilisee dans un procede pour realiser la 
separation de Pacide terephtalique cristallise a 
partir du melange restant du produit de r6ac- ?5 
tion. 

11. Joint d'etancheite selon Tune quelconque des 
revendications 1 a 9, dans lequel une centrifu- 
geuse munie de tels joints d'etancheite (10) 20 
est utilisee dans un processus pour separer un 
acide terephtalique purifie par rapport au reste 

de la solution. 

1Z Joint d'etancheite selon I'une quelconque des 25 
revendications 1 a 9, dans lequel ledit joint 
d'etancheite (10) est utilise pour etancheifier 
I'arbre d'un agitateur vis-a-vis d'une enceinte 
de reacteur : I'oxydation de la phase liquide 
d'un processus servant a preparer de I'acide 30 
terephtalique etant executee dans ladite en- 
ceinte de reacteur. 
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